Introduction {#sec1-1}
============

Probiotics are defined as living microorganisms, principally bacteria, which are safe for human consumption. This definition has been approved by the United Nations Food and Agriculture Organization (FAO) and World Health Organization (WHO)\[[@ref2]\]. When ingested in sufficient quantities, probiotics have beneficial effects for human health, beyond basic nutrition. These effects may result from suppression of pathogens and stimulation of probiotic growth that contributes to the nutrition and health of the gut\[[@ref2]\].

The major strains, *Lactobacillus*(*lacto*.)*acidophilus*, *Lactobacillus casei* and various *Bifidobacterium* species, are the most dominant bacteria in the small and large intestine of humans that can inhibit the growth of pathogenic microorganisms, through production of organic acids and bacteriocins \[[@ref3]\]. Theresa, several strains of lactic acid bacteria (LAB) were reported to display stimulatory properties on cells of the innate immune system in-vitro. These include macrophages and natural (NK) cells that induce adjuvant activity at the mucosal surface and improve phagocytosis by increasing the proportion of lymphocytes and NK cell\[[@ref4]\]. Also, probiotic bacteria DNA can suppress systemic inflammatory responses to pathogenic bacterial DNA\[[@ref5]\]. The explanation of therapeutic efficacy of probiotic bacteria may be clear through its ability to modulate epithelial barrier function\[[@ref6]\], with possible interaction with toll-like receptor 2 (TLR-2)\[[@ref7]\]. TLR-2 recognizes bacterial lipoteichoic acid, zymosan and other different medical methods.

Through many studies, it is believed that LAB could protect sites of bacterial invasion from its colonization of pathogenic agents by preventing the attachments of these pathogens to sites. LAB produces substances which inhibit their multiplications, by competing with other microorganisms for nutritional requirements. This might inhibit the multiplication of these agents by excreting substances, mainly hydrogen peroxide (H~2~O~2~), lactic acid and bacteriocin-like substances\[[@ref8]--[@ref10]\].

Burns are one of the most common and devastating forms of trauma, and occur in both children and adults\[[@ref11]\]. Burns induce an immunosuppressive state that predisposes burn patients to infectious complications\[[@ref12]\]. These injuries destroy the physical skin barrier that normally prevents the invasion of microorganisms and consequently, provides novel sites for bacterial colonization, infection and clinical sepsis\[[@ref13]\]. Major injury due to trauma and burns has been demonstrated to increase susceptibility to infectious complications and related multiple organ failure primarily as a result of a suppressed immune system\[[@ref14]\]. The skin has a complex flora; infections can result when there is a breakdown in the integrity of the skin or when the immune defense is compromised. The microorganisms from the burned wound invade the unaffected tissue and local sepsis develops; if they invade the lymphatic and vascular system, systemic sepsis develops\[[@ref15]\].

Many types of bacteria have the ability to produce skin infections. *Staphylococcus(Staph*.) *aureus* is the most common cause of skin infections. About 20% of the population ares long-term carriers of *Staphylococcus aureus*\[[@ref16]\]. Common burn wound pathogens such as gram-positive organisms are *Staphylococcus aureus*, Methicillin-resistant *Staphylococcus aureus*, Coagulase-negative *Staphylococci*, *Enterococcus spp*., *Streptococcus spp*., and Vancomycin-resistant *Enterococci*, while gram-negative organisms are *Pseudomonas*(*Psu*.) *aeruginosa*, *Escherichia(E.) coli*, *Klebsiella spp*., *Serratia marcescens*, *Enterobacter spp*., *Proteus spp*., *Acinetobacter spp*., and *Bacteroides spp*\[[@ref17]--[@ref20]\].

This study was conducted to identify and diagnose the bacterial species isolated from burn wounds, and also to evaluate the therapeutic efficacy of *Lactobacillus* *acidophilus* against these bacterial isolates. The activity of these isolates was also compared to other antibacterial agents which are used medically in the treatment of burn wound cases.

Materials and Methods {#sec1-2}
=====================

 {#sec2-1}

### Patients and specimen collection {#sec3-1}

Fifty burn wound swabs were collected from patients who suffered from burn infection of second to third degree with a duration of 10-15 days. These patients were admitted to hospitals in Baghdad during August to November 2009. Burn swabs were collected aseptically and transported immediately in sterile test tubes containing brain/heart infusion broth to laboratory. These swabs were cultured on Blood agar, Nutrient agar, MacConkey agar, and Manitol Salt agar, which incubated aerobically and anaerobically for 24-36 hours at 37°C\[[@ref21]\].

### Bacterial isolates {#sec3-2}

Diagnosis of bacterial isolates was performed\[[@ref22]--[@ref24]\] through colony morphology of bacterial isolates, microscopic gram stain investigation and biochemical tests\[[@ref23][@ref24]\].

### Lactobacillus acidophilus {#sec3-3}

*Lactobacillus acidophilus* local isolate was obtained from stock culture (of yogurt) collections from the Food, Science and Biological Technology Department, Agriculture College of Baghdad University. This isolate was recultured on De Man Rogosa Sharpe agar (MRS), incubated anaerobically with a gas generating kit(5-10%CO~2~ of atmosphere) at 37°C for 24 hours\[[@ref24]\]. Many tests were carried out to ensure Lact. acidophilus isolates\[[@ref25]--[@ref27]\].

### Antibacterial Activity {#sec3-4}

Antibacterial activity of *Lactobacillus acidophilus* was tested against a variety of bacterial strains that became isolated from burn wounds by using Agar-Well Diffusion method\[[@ref28]\]. *Lactobacillus acidophilus* suspension was performed for use in susceptibility testing with 1% concentration from liquid culture of bacteria that contain 1×10^8^ cells/mL\[[@ref29]\]. The antibacterial agents (from Bioanalyse-Turkey) were Amikacin (AK) 30μg, Ampicillin (AM) 10μg, Cefotaxim (CTX) 30μg, Chloramphenicol (CHPC) 30μg, Ciprofloxacin(CIP) 5μg, Lincomycin (LN) 2μg, Gentamycin (CN) 10μg, Tetracycline (TE) 30μg, Azithromcin (AZM) 15μg, and Trimethoprim-Sulphamethoxazole (SXT) 1.25/23.75\[[@ref30]\]. Inhibition zones were recorded on Mullor-Hinton agar\[[@ref31][@ref28]\].

### Statistical analysis {#sec3-5}

SPSS programs were used to determine statistically significant differences of variables. Chi-square test (Kruskal Wallis Test) was used to explain the significant differences between bacterial isolates and antimicrobial susceptibility of agents. Probability value (p-value) of less than 0.05 was considered statistically significant, while p-value of more than 0.05 was considered statistically not significant. Mean value and percent were used for the incidence of bacterial distributions\[[@ref32]\].

Results {#sec1-3}
=======

On evaluation of the burn wound swabs, there were only 39 (78%) cases that showed positive bacterial culture with statistical differences (p\<0.0001) to negative bacterial culture([Fig. 1](#F1){ref-type="fig"} and [Table 1](#T1){ref-type="table"}). Thirty (76.9%) swabs showed mixed growth colony with highly statistical differences (p\<0.0001) than single bacterial growth, 9 (23%)([Table 1](#T1){ref-type="table"}).

![Distribution percentage of bacterial swabs.](NAJMS-2-586-g001){#F1}

###### 

Distribution of positive bacterial swabs (50) cases and cultures.
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Ninety isolates were recorded, so that the frequencies of gram-negative isolates were more than gram-positive 74(82.2%) and 16(17.7%), respectively(p\<0.0001). [Table 2](#T2){ref-type="table"} shows the frequency of gram-negative isolates of burn wound swabs. *Pseudomonas aeruginosa* shad a predominant microorganism of 30(33.3%) with highly statistical differences (p\<0.0001), followed by *Escherichia (E.) coli* 20 (22.2%), *Enterobacter spp*.18 (20%), *Klebsiella spp*. 4(4.4%), and *Proteus spp*. 2(2.2%). Gram-positive isolates showed lower frequency than gram-negative isolates, with high statistical differences (p\<0.0001), where *Staphylococcus(Staph*.) aureus was 8 (8.8%), followed by ß-haemolytic *Streptococci* and *Staph*. *Epidermidis* of 6 (6.6%) and 2 (2.2%), respectively. ([Table 2](#T2){ref-type="table"}).

###### 

Distribution of (90) bacterial isolates.
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Results of susceptibility tests for bacterial isolates to *lactobacillus acidophilus* and antibacterial agents are shown in [Table 3](#T3){ref-type="table"}. *Pseudomonas aeruginosa* was seen to have a high ability to resist all antibacterial agents with different percentages and there were high significant differences (p\<0.0001). At the same time, it was highly sensitive (100%) to *lactobacillus Acidophilus*, Ciprofloxacin and Amikacin (p\<0.05). *Escherichia coli* isolates showed sensitive profile to *lactobacillus acidophilus* (100%), Amikacin (95%), Ciprofloxacin (90%), Azithromycin (95%), and were resistant to the rest of the agents. *Enterobacter spp*. isolates were resistant to all antibacterial agents, which were highly sensitive to *lactobacillus acidophilus*, Ciprofloxacin, Azithromycin (100%, 94.4%, and 100%, respectively). Three isolates of *Klebsiella spp*. were sensitive to *lactobacillus acidophilus*, Lincomycin, Cefotaxim and Trimethoprim-sulphamethoxazol with 75% percent for all. *Proteus spp*. isolates recorded only sensitivity (100%) to *Lactobacillus acidophilus*, Cefotaxim, Amikacin, Ciprofloxacin and Gentamycin.

###### 

Antibacterial susceptibility of lactobacillus acidophilus isolates and antibacterial agents
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*Staphylococcus aureus* was the main gram-positive pathogenic bacteria of burn wound infections, which appear highly sensitive with significant differences (p\<0.0001) to isolates of *Lactobacillus acidophilus*, Amikacin, Ampicillin, Ciprofloxacin, Gentamycin, Tetracycline and Azithromycin with 100% percent. Its resistance to other antibacterial agents was variable as shown in [Table 3](#T3){ref-type="table"}. These results of susceptibility resembled those obtained from isolates of *Staphylococcus epidermidis*. Thereas, ß-haemolytic *Streptococci* isolates showed 100% sensitivity to *lactobacillus acidophilus*, Gentamycin, Ciprofloxacin, Lincomicin and Azithromycin.

The results concluded that *lactobacillus acidophilus* concentration of 1×10^8^ cells/mL showed a high activity to inhibit the bacterial growth *in-vitro* of all pathogenic gram- positive and gram-negative bacteria, which cause burn wound infections. This indicates the therapeutic efficacy of *lactobacillus acidophilus* bacteria.

Discussion {#sec1-4}
==========

The high percentage 39 (78%) from positive bacterial culture of burn wound swab samples might be attributed to the fact that burn wounds appear in high incidence as compared to other forms of trauma. This may be due to extensive skin barrier disruption as well as alteration of cellular and humoral immune responses\[[@ref12]--[@ref14][@ref30]\].

In addition, these results explain that the contaminated environments of hospital wards may become a source of these pathogenic microorganisms to burn patients\[[@ref33]\]. These findings encourage invasion of burn wound pathogenic bacteria.

With predominant gram-negative bacteria 74(87.2%) to 16 (17.7%) gram-positive bacteria, it is believed that these results are due to an opportunistic nature and the ability to produce pus-containing toxins. These toxins cause septicemia and interaction with patient\'s immunity, which leads to immunosuppressive cases\[[@ref24][@ref35][@ref13][@ref15]\].

The reasons for the high incidence of *Pseudomonas aeruginosa* isolates might be due to factors associated with acquisition of nosocomial pathogens with recurrent long-term hospitalization that complicates illnesses, prior or random administration of antibacterial agents and immunosuppressive effects of burn wound infection\[[@ref36][@ref13]\]. *Escherichia coli, Enterobacter spp., Klebsiella spp*. and *Proteus spp*. isolates were segregated with low frequencies and different percents due to their acquisition of nosocomial properties and migration of these agents from gastrointestinal, urinary and respiratory tracts to burn wounds and immunosuppressant activities\[[@ref14][@ref37][@ref38]\].

Results of gram-positive bacteria which were isolated from burn wound swabs showed different percents of *Staphylococcus aureus*, ß-haemolytic *Streptococci*, and *Staphylococcus epidermidis* 8(8.8%), 6(6.6%) and 2(2.2%), respectively. This indicates their ability to produce skin infections\[[@ref18]\] with a diverse array of virulence factors that facilitate adherence of host tissues, including coagulase, protein A, leukocidins, haemolysins and superantigens\[[@ref14][@ref15][@ref39][@ref40]\].

Based on susceptibility testing, the study compared *Lactobacillus acidophilus* to many antibacterial agents that could be used locally or systemically in burn wound cases. [Table 3](#T3){ref-type="table"} showed the susceptibility of bacterial isolates which have multidrug resistance to several antibacterial agents used with different percentages\[[@ref39]--[@ref42]\]. All isolates appeared highly sensitive to *Lactobacillus acidophilus* with significant differences (p\<0.05). These results explain the antibacterial activity of *Lactobacilli* through interaction with TLR-2 which recognizes bacterial lipoproteins, lipoteichoic acid, zymosan and other different medical methods\[[@ref7]\], production of several antibacterial materials such as hydrogen peroxide, lactic acid or substances such as antibiotics\[[@ref9]\]. In addition, *Lactobacilli* have a high ability to inhibit pathogenic growth and multiplication through competition with other pathogenic microorganisms for nutritional requirements\[[@ref8]--[@ref10]\].

Burn wounds induce an immunosuppressant state that predisposes the invasion by opportunistic pathogenic bacteria such as those isolated in a recent study\[[@ref12]\]. This invasion provides novel sites for bacterial colonization and clinical sepsis\[[@ref3]\].

Besides the antibacterial activities of *Lactobacilli*, it was reported to display stimulatory properties on cells of innate immune system *in-vitro*, including macrophages and natural killer cells\[[@ref4]\]. Probiotic *Lactobacilli* DNA can suppress systemic inflammatory responses to pathogenic bacterial DNA\[[@ref5]\]. These immunological effects of *Lactobacilli* were essential in burn wound cases to inhibit or reduce bacterial complication that may lead to the death of the patient\[[@ref37]\].

Conclusion {#sec1-5}
==========

This study indicates the antibacterial efficacy and immunological properties of *Lactobacillus acidophilus* through investigation of burn wound pathogenic agents with susceptibility testing. We recommend the medical importance of *Lactobacilli* species in clinical applications for burn wound infections.\[[@ref44]\]
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